Abstract. We prove that products of surjective mappings from continua onto span zero continua are universal. It follows that products of span zero continua have the fixed point property.
A continuum is a compact, connected metric space. By a map or mapping we mean a continuous function. A continuum X has the fixed point property (fpp) if each self-map of X has a fixed point.
The fixed point property for continua is not, in general, preserved under Cartesian products. In fact, there are examples where (1) X is a polyhedron with the fpp, I is the unit interval, and X × I does not have the fpp (see [11] ), (2) X and Y are manifolds with the fpp, and X × Y does not have the fpp (see [9] ). See R. F. Brown's article [1] for some history and discussion of this topic.
The Brouwer Fixed Point Theorem established that the finite product of arcs has the fixed point property. There have been many generalizations of Brouwer's theorem. In particular, in 1956 Eldon Dyer [5] showed that arbitrary products of arc-like (chainable) continua have the fpp. Holsztyński [8] generalized Dyer's result in 1968 by showing that products of mappings of continua onto products of arc-like continua are universal. Since every arc-like continuum has span zero, we generalize both of these results by showing that products of mappings of continua onto span zero continua are universal. It follows that products of span zero continua have the fpp. It is not known if span zero continua are arc-like. This question is a classic problem in the study of continua (see [3, Prob. 8] ).
Holsztyński called a mapping f : X → Y between topological spaces universal provided that whenever g : X → Y is a mapping, it follows that f and g have a coincidence; that is, there is a point x ∈ X such that f (x) = g(x). It is easy to see that if f : X → Y is universal, then f is surjective and Y has the fpp.
A continuum X is arc-like (tree-like) if for each > 0, there exists an -map of X onto an arc (a tree).
For a continuum X, let π 1 and π 2 denote the coordinate projection maps of X × X onto X. The continuum X has span zero (has semispan zero), denoted
The two types of span zero become surjective span zero if we require that π 1 (Z) = X in the definitions above. The notations for surjective span zero and surjective semispan zero are, respectively, σ * (X) = 0 and σ * 0 (X) = 0. The results in this paper are for continua X such that σ * 0 (X) = 0. James F. Davis [4] has shown that σ 0 (X) = 0 is equivalent to σ(X) = 0, and it is easy to see that σ 0 (X) = 0 implies σ * 0 (X) = 0. Hence, our results hold for continua possessing any of these forms of span zero.
Let X be a connected space with subsets F , A, and B, and suppose that A and B are closed and disjoint. We say that F separates X between A and B if X − F is not connected between A and B. That is, if there exist mutually separated sets M and N such that X − F = M ∪ N , A ⊆ M , and B ⊆ N . We point out that if F separates X between A and B, then F is disjoint from A ∪ B. We say that the closed set F weakly cuts A from B in X (or F weakly cuts X between A and B) if each closed connected set in X that intersects both A and B must also intersect F . The closed set F need not be disjoint from A ∪ B to weakly cut A from B.
If F is closed and separates X between A and B, then there exist closed sets P and Q such that X = P ∪ Q, F = P ∩ Q, A ⊆ P , and B ⊆ Q (see [10, p. 155] ). Furthermore, in this case, if we take U = P − F and V = Q − F , we have a partition of X between A and B as defined by Holsztyński in [7] , [8] . That is, U and V are open sets in X such that
it is easy to see that when F is closed, F partitions X between A and B if and only if F separates X between A and B.
The proof of our main theorem follows methods used by Holsztyński in [7] , [8] . A basic idea underlying the proof also involves weak cutting between certain continua in spaces that resemble products or cones. This notion has previously been used by the author [13] to obtain fixed point results. Recently, J. Bustamante, R. Escobedo, and F. Macías (see [2] ), and R. Escobedo, M. de J. López, and S. Macías (see [6] ) used this technique in a clever way to obtain similar results in hyperspaces. R. Escobedo recently announced obtaining the result that the product of two mappings from continua onto span zero continua must be universal.
Lemma 1. Suppose F is a closed set in the continuum X that weakly cuts X between the continua A and B. If U is an open set containing F , then there is a closed set E ⊆ U such that E separates X between A and B.

Proof. Suppose one of
Then the boundary of V is a closed set in U that separates X between A and B. Thus, we may assume that neither A nor B is a subset of U . The author wishes to thank Eldon Vought for providing the proof of the lemma above, which is shorter than the author's original proof. 
is atriodic, tree-like (see [15] ), and thus, by [16] , each M i is irreducible between some two points, say a −i and a i . Let I = [−1, 1] and
Let g : X → M be a mapping. We will show that f and g have a coincidence.
}. We note that since f is a product mapping,
, it is well known that each mapping of a continuum onto M i is universal. In fact, σ * 0 (M i ) = 0 is characterized by M i admitting only surjective maps that are universal (see [12] ). It follows that 
and we are done. Therefore, we assume that
i (1) be opposite sides of I n . Once again, since h is a product mapping, we have that
We get that
Recall that h : X → I n is universal. So, h and k have a coincidence. Let x ∈ X be such that h(x) = k(x). From the equalities above, we have that x is in (
Hence, n i=1 F i = ∅ and it follows that f and g have a coincidence.
Proof. By Theorem 1, each finite product of mappings on a finite subfamily of {f α : X α → M α | α ∈ Γ} is universal. So, by Theorem 3.1 in [8] , the result follows. Proof. Fix β ∈ Γ and let g β : X β → M β be a mapping. Define the mapping g : α∈Γ X α → α∈Γ M α by π α g(x) = f α π α (x) for α = β, g α π α (x) for α = β .
By hypothesis, there exists an x ∈ α∈Γ X α such that α∈Γ f α (x) = g(x). It follows that f β π β (x) = g β π β (x). Hence, π β (x) is a coincidence for the maps f β and g β . The author wishes to thank Charles Hagopian and Eldon Vought for suggestions which led to the improvement of this paper.
